The silver content of environmental samples is increased with the increasing use of silver compounds and silver-containing preparations in industry and in medicine. 1,2 Silver can enter the environment via industrial waters because it is often as an impurity in copper, zinc, arsenic and antimony ores. 3 It is noteworthy that recent information about the interaction of silver with essential nutrients, especially Se, Cu, vitamin E and vitamin B12, have focused attention on potentially toxic nutrients. 4, 5 Thus, separation, concentration and sensitive determination of Ag + ion are of increasing interest.
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Liquid-liquid extraction and separation of silver in the presence of classical [6] [7] [8] [9] and macrocyclic ligands [10] [11] [12] [13] [14] [15] is frequently reported in the literature. However, a serious limitation in traditional solvent extraction processes is that a large inventory of high purity solvents (and carriers) is required, especially when processing dilute solutions. An additional concern is the disposal of the solvents used, which creates a severe environmental problem. In recent years, the supported liquid membrane systems have received considerable attention as an alternative separation technique for metal ions from dilute solutions. [16] [17] [18] [19] [20] [21] [22] [23] The most important advantages of SLM over solvent extractions include very low solvent hold-up, simplicity of operation and low investment and operating costs.
In recent years, we have been involved in the design and preparation of bulk liquid membrane [24] [25] [26] [27] [28] [29] [30] and SLM systems 23 for the efficient and selective transport of some transition and heavy metal ions using different crown ether derivatives as ion carriers. In this paper, we report a new SLM system containing hexathia-18-crown-6 (HT18C6) dissolved in nitrophenyloctyl ether (NPOE), immobilized in a thin polyvinyldifluoride (PVDF) film, for the transport of Ag + as a suitable ion-pair with picrate ion. In the presence of thiosulfate as a proper metal ion acceptor in the strip solution, highly selective and efficient transport of silver occurs via formation of a silver-HT18C6-picrate complexed ion pair. To the best of our knowledge, this is the first report on the use of a thia-substituted crown ether in an SLM system for the selective transport of Ag + ions.
Experimental

Reagents
The crown ether derivative HT18C6 was purchased from Fluka Chemical Company and used as received. Reagent grade nitrophenyloctyl ether (NPOE, Fluka) was used as the organic membrane solvent. Silver nitrate, picric acid and the nitrate salts of all other cations used were of the highest purity available from either Merck or Fluka Chemical Companies and were used without further purification except for vacuum drying over P2O5.
Doubly distilled deionized water was used throughout.
Apparatus
The atomic absorption spectrophotometer used for the measurement of metal ion concentrations in the feed and stripping phases was a Shimadzu AA-760 instrument. The liquid membrane cell used for this study was fabricated from Perspex material. The cell consisted of two compartments, each having a volume of 78 cm 3 . Membranes with an area of 10.2 cm 2 could be fixed in between the two compartments. Each compartment was equipped with a Teflon coated magnetic stirrer (2 cm × 5 mm diameter) for stirring of the aqueous phases (400 rpm), and an inlet for filling and draining the feed and strip solutions.
SLM
A microporous PVDF membrane (GVHP) with a nominal pore size 0.22 µm, a thickness of 120 µm and a porosity of 60% was used as a supporting medium to hold NPOE solution containing HT18C6. The membrane was cut into circular pieces of 4.0 cm diameter and was soaked in the carrier solution for 2 h. The membrane was then taken out of the organic solution, wiped with a piece of filter paper and rinsed with water to ensure the remove of excess carrier (and solvent). The membrane was then fixed between the two half-cells of the SLM apparatus. The feed and strip solutions (75 cm 3 A facile supported liquid membrane (SLM) system for the selective and efficient transport of silver ion is introduced. The SLM used is a thin porous polyvinyldifluoride membrane impregnated with hexathia-18-crown-6 (HT18C6) dissolved in nitrophenyloctyl ether. HT18C6 acts as a specific carrier for the uphill transport of Ag + ion as its picrate ion paired complex through the SLM. In the presence of thiosulfate ion as a suitable stripping agent in the strip solution, transport of silver occurs almost quantitatively after 4 h. The selectivity and efficiency of silver transport from aqueous solutions containing other M n+ cations such as Mg 2+ , Ca 2+ , Co 2+ , Ni 2+ , Cu 2+ , Zn 2+ , Pb 2+ , Cd 2+ , Hg 2+ , Fe 3+ and Cr 3+ ions were investigated. phases were stirred at 400 rpm to avoid concentration polarization at the membrane surface. All experiments were carried out at ambient temperature. Samples were taken at regular time intervals from the feed and strip compartments and analyzed by AAS. The transport flux of Ag + was thus obtained from J = (Vs/Ar)(d[Ag + ]s/dt), where Ar is the effective membrane area, V is the solution volume and the subscript "s" represents the stripping phase.
Results and Discussion
Chelating agents containing sulfur atoms as coordination sites possess great affinity toward d 10 transition metal ions like Ag + . Thus, the formation of thiacrown ether complexes with metal cations may be primarily attributed to the affinity of the metal ion for sulfur atoms. Of course, the relative sizes of the metal ion and the cavity of the macrocyclic ligand can also play an important role in the selectivity of the resulting complex. 31 Different thiacrown ether derivatives have been used successfully as suitable neutral ligands for the selective complexation of Ag + ion in liquid-liquid extraction experiments. 10,12-15 HT18C6 is a thiacrown ether which is insoluble in water and can form a fairly stable complex with Ag + in nonaqueous media. 32 It has been used for the selective extraction of silver ion into 1,2-dichloroethane phase. 14 Moreover, we have recently employed HT18C6 as an excellent neutral ion carrier for the construction of an Ag + -PVC membrane electrode. 33 Thus, we decided to examine HT18C6 as a potential ion-carrier for the selective and efficient transport of Ag + ion through an SLM system.
Our preliminary experiments revealed that the nitrate ion is not a suitable counter ion to accompany the Ag + -HT18C6 complex into the membrane phase; in a time period of about 4 h, the transport of silver through the SLM used was found to be negligible. However, addition of picric acid to the feed solution resulted in significant increase in the extent of the silver transport. It has been suggested that the thiacrown ether incorporates Ag + ion in its cavity (in an octahedral structure) such that the counter anion is coordinated in the axial position forming a lipophilic neutral complex which is suitable for transfer into the organic membrane. 34, 35 Thus, the extent of extraction into the organic phase increases with increasing hydrophobicity of the counter anion.
The influence of the concentration of picric acid in the feed solution on the silver ion transport was investigated; the results are shown in Fig. 1 and Table 1 . As seen, the efficiency of silver transport increases with increasing picric acid concentration until a 0.001 mol dm -3 concentration is reached. However, a further increase in the concentration of picric acid (up to 0.01 mol dm -3 ) caused a pronounced decrease in the percentage transport of silver ion. This is most probably due to the competition of picric acid itself with silver nitrate for transport through the SLM system. This was supported by the accumulation of a significant amount of picrate ion in strip solution after the course of the transport experiment.
As expected, it was found that the nature and amount of the ligand used as metal ion receptor in the strip solution could have a significant effect on the efficiency and selectivity of the metal ion transport.
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The use of thiocyanate ion as silver ion receptor in the strip solution caused a large enhancement in the efficiency (as well as the selectivity) of Ag + transport when compared with the case of other potential ligands such as EDTA, cyanate, iodide and phenanthroline. The optimum concentration of sodium thiosulfate in the strip solution was investigated ( Fig. 2 and Table 1 ) and found to be 0.05 mol dm -3 . It should be noted that, in the absence of a metal ion receptor in the strip solution, the amount of silver transport was negligible.
The influence of the concentration of HT18C6 in the organic membrane on the transport efficiency of silver was also studied (Fig. 3 and Table 1 ). As can be seen from Fig. 3 and Table 1 , the flux and permeability increase with increasing concentration of the macrocyclic ligand up to 0.02 mol dm -3 in the membrane. However, at a higher macrocyclic concentration of 0.03 mol dm -3 a slight decrease in the percentage of transported silver is observed. A similar behavior for the carrier concentration in the SLMs has already been reported in the literature. 21, 23 This could bring about because of the more difficult release of the cation into the strip solution, as a result of its firm bounding to the carrier, and/or the increase of viscosity of the NPOE membrane with increasing carrier concentration.
The effect of the pH of the strip solution on the transport efficiency of Ag + ion was investigated. It was found that, in the pH range of 5 -10, the pH of the strip solution does not have any considerable effect on the transport efficiency of silver ion.
As can be seen from Figs. 2 -4 , under the optimum experimental conditions, the transport of silver ion from the feed aqueous phase into the strip solution after 4 h is almost quantitative. Reproducibility was confirmed to be ±3% or better.
The selectivity of the SLM system used for the transport of silver over other M n+ cations (M n+ = Mg 2+ , Ca 2+ Table 2 . As can be seen, except with Hg 2+ ion, none of the metal ions used interfere with the transport of silver ion by the SLM system proposed. However, the percentage of Hg 2+ ion cotransported with silver ion is less than 5%. The data given in Table 2 show that, in the presence of 0.01 mol dm -3 EDTA in strip solution, the slight interfering effect of Hg 2+ ion can be successfully eliminated.
It is worth mentioning that, despite their well-established advantages, the SLM systems suffer from instability with time. This is mainly due to the gradual bleeding of carrier and/or membrane solvent from the organic phase, which can have an influence on both flux and selectivity of the membrane. 20 In order to investigate the stability of the SLM proposed, a single membrane was used for several transport experiments after keeping it for varying intervals of time in water. The results are illustrated in Fig. 4 and Table 1 . The resulting fluxes show that, when the same membrane was used for the second and third time after an elapse of a long period of time (12 h and 24 h, respectively), the SLM system revealed some 5% decrease in the membrane efficiency for the transport of Ag + ions. Nevertheless, the stability of the SLM system proposed can be enhanced not only by increasing the hydrophobic character of the membrane solvent, but also by employing such known methods as the re-impregnation of the support, use of sandwich SLMs and gelation of the SLMs. 20 Based on the results obtained, the silver ion transported across the SLM used can be explained as follows: (1) The extraction of the charged species from feed solution into the hydrophobic membrane is accomplished by the presence of the host carrier HT18C6, ion-paired with picrate as a suitable counter anion; the resulting neutral complexed ion pair distributes preferentially into the organic membrane. (2) The ion pair thus formed diffuses across the membrane. (3) At the membrane-strip solution interface, thiocyanate with its high affinity for silver ion completes the transport by removing Ag + from its complexed ion pair. In this case, the associated picrate ions would also release into the strip solution. (4) The free carrier HT18C6 diffuses back across the membrane to the feed solution-membrane interface, where the cycle starts again. The schematic description of the process is given in Scheme 1. It is interesting to note that, under optimized experimental conditions, some 5% of the initial Ag + ions will be retained by the membrane after 4 h (see Figs. 1 -4 ), most possibly due to strong interaction of the cation with HT18C6 in the membrane phase. ; thiocyanate, 0.01 mol dm -3 ; picric acid, 0.001 mol dm . (A) Remaining in feed and (B) extracted into strip.
